Background. The reproducibility of a performance-based and a self-reported measure of functional status was investigated, as well as the impact of age and cognitive function on the reproducibility.
F
UNCTIONAL status is usually assessed by self-reported measures and by physical performance tests. Both measures give valid and important information about physical functioning, but they measure a different concept of functional status (1) (2) (3) (4) (5) . This can be clarified by the disability process as described by Verbrugge (6) , in which pathology leads through impairments and functional limitations to disabilities. Performance tests might identify functional limitations that can not be detected by self-reported measures.
A performance test measures actual performance of standardized tasks required to accomplish many daily routine activities and is evaluated in an objective, uniform manner using predetermined criteria (7, 8) . Disadvantages might be that these tests require special equipment, are time-and money-consuming, and that they only simulate an activity without reflecting adaptations people make in daily life (9, 10 ). An important advantage, however, is that these measures are objective, in the sense that they are free of biases that can be introduced by persons making implicit judgments (9, 11) . The accuracy of people's judgment about their own functioning could be affected by the presence of cognitive impairment, depression, or by affective responses to acute illnesses. (9, 12) . Performance tests might offer the potential for greater reproducibility than self-reported measures, mainly in very old or cognitive-impaired individuals, although empirical evidence for this is still limited (7, 13) .
This study was designed to assess 2-week reproducibility of two measures of functional status: performance tests and self-reported disabilities in daily routine activities. We also investigated whether test-retest reliability of these measures depended on age or cognitive functioning.
METHODS

Study Population and Design
The Zutphen Elderly Study (14) is a longitudinal investigation of elderly men born between 1900 and 1920 and living in Zutphen, a small industrial town in the eastern part of The Netherlands. It was begun in 1985, and its purpose is to investigate the prevalence and etiology of chronic diseases, functional status, and well-being of these subjects.
All survivors of the Zutphen Elderly Study were recruited 10 years later, in 1995. From the target population of 462 men, 343 (74%) participated. A questionnaire including sociodemographic items and questions on disabilities in daily routine activities was mailed to the partici-
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pants. One week after they received this questionnaire, participants were visited by a research assistant who checked the questionnaire for inconsistencies or missing items. The research assistant then administered a test for cognitive function and the physical performance tests.
A random sample of 114 men was invited to participate in the test-retest study; five individuals did not participate during the retest measurements due to sickness or discomfort. The 109 men who participated in the test-retest study were visited again 2 weeks after the first visit (mean ±SD = 15 ± 1.5 days). They were asked to fill out the questionnaire on disabilities and to carry out the performance tests again. The test-retest study was administered by two research assistants. A random half of the men were visited twice by the same assistant, and the other half were visited by two different assistants in random order. For 105 men, complete information about the performance tests and the selfreported functional status was available.
Measurements
Performance measures of functional status. -Performance-based functional status was evaluated by four performance tests: standing balance, walking speed, chair stand, and external shoulder rotation. These tests were adapted from the EPESE studies (Established Populations for Epidemiologic Studies of the Elderly) (5, 15, 16) .
The test for standing balance comprised three stands: tandem, semi-tandem, and side-by-side stand. Each participant started with the semi-tandem stand, in which the heel of one foot was placed to the side of the first toe of the other foot. If a participant was successful at the semi-tandem stand, he went on to the tandem stand, in which the heel of one foot was placed directly in front of the toes of the other foot. If not successful, he tried the side-by-side stand, in which the two feet were placed next to each other. Each stand had to be held for 10 seconds. Scoring on this test was dichotomized in a group who was able to hold the tandem position for 10 seconds and a group who held this position for less than 10 seconds or did not try the tandem stand.
In the test for. walking speed, the participant was timed for two walks of 2.43 meters (8 feet), to the nearest tenth of a second. The mean time was used in the analyses. The chair stand is expressed as the time (in tenths of seconds) required to stand up from a chair five times as quickly as possible without making use of arms or hands. In the test for external shoulder rotation, participants were asked to place their hands behind their head at ear level. This position was scored at four criteria: fingers touching behind head at ear level, head held erect, elbows pointing out to the side at a 180-degree angle at or behind the plane of the ears, and elbows at shoulder level or higher with forearms parallel to the floor. High performance was defined as meeting all criteria; moderate performance was meeting three criteria; and low performance was defined as meeting less than three criteria. A summary performance score was computed for each individual as the number of tests performed low. For the timed tests (walking speed and chair stand), low performance was defined as performing in the lowest quartile or not being able to perform the test. For the second measurement, cutoff points for low performance on the timed tests are the quartile boundaries of the first measurement.
To ensure uniformity of administration, a videotape produced by the researchers of EPESE was used to instruct the assistants. This videotape provided detailed instructions for administering and scoring the tests, as well as instructions on maintaining the safety of the participants.
Self-reported measures of functional status. -Selfreported functional status was measured as disabilities in daily routine activities. The questionnaire consisted of 1.3 items, adapted from the WHO questionnaire (5, 17) , each mentioning one activity (see also Table 3 ). We added up the number of items in which an individual reported disabilities. The items were further grouped in three dimensions: basic activities of daily living (BADL), mobility, and instrumental activities of daily living (IADL). Those who said they needed help with at least one item per dimension were classified as disabled in that dimension. The dimensions were found to be hierarchical; men who reported disabilities in mobility also reported disabilities in IADL, and men who reported disabilities in BADL also reported disabilities in mobility and IADL. We therefore developed a hierarchical ADL scale, distinguishing four categories: (a) not disabled, (b) disabled in IADL only, (c) disabled in mobility and IADL, and (d) disabled in BADL, mobility, and IADL. Only five individuals did not fit into this hierarchy. Those who reported to be disabled in mobility, but not in IADL (n = 4), were classified in category three. The one person who was disabled in BADL and IADL, but not in mobility, was classified in category four.
Other measures. -Age, living situation, and marital status were registered. The population was divided into two age groups by the median (79 years), i.e., 74-79 years and 80-92 years. Socioeconomic status was recorded by life-long occupation in four levels: professionals, managers and teachers; small business owners; non-manual workers; and manual workers (18) .
Cognitive function was tested with the Dutch translation of the 30-point Mini-Mental State Examination (MMSE) developed by Folstein et al. (19) , a short, structured examination taking 5 to 10 minutes to administer. The MMSE includes questions on orientation in time and place, registration, attention and calculation, recall language, and visual construction. Points are awarded for correct responses up to a maximum score of 30. Missing items were rated as errors, but if items could not be fulfilled because of physical inability a weighted score was given. If four or more items were missing, no MMSE score was computed (20) . Cognitive impairment is defined as an MMSE score of 25 points or less (21) .
Statistical Analyses
Statistical analyses were carried out using SAS, version 6.10. A p-value of .05 or less was considered statistically significant. All /?-values were two-sided.
Self-reported disabilities and performance-based func-tional status were described for the test and retest measurement, and differences were tested for significance using paired Mests. For noncontinuous variables, a correction for continuity was made (22 To test whether reproducibility in self-reported disabilities was related to age, we used a regression model with number of self-reported disabilities during measurement two (ADL2) as dependent variable, and number of selfreported disabilities during measurement one (ADL1), age (as a continuous variable), and an interaction term of age and ADL1 as independent variables. The same model was constructed with cognitive impairment, using the MMSE score as a continuous variable. If the interaction term was not statistically significant, we assumed that the reproducibility did not depend on age or cognition. Similar models were constructed for the summary performance score. Reproducibility was assessed stratified by age group and cognitive function.
RESULTS
Sociodemographic characteristics and cognitive function of the participants in the test-retest study are shown in Table 1 . The mean age was almost 80 years. Over 90% of the men lived independently. Of the 10 men who did not live independently, 7 lived in a "service flat," which is a relatively independent kind of protected living, 2 in a home for the elderly, and one in a nursing home. Two thirds of the men were still married, and 25% were widowed. About one third were considered to be cognitively impaired.
Performance during the second measurement was consistently higher than during the first measurement (Table 2) , but this was significant only for the test for external shoulder rotation and for the summary score. The test for standing balance was poorly reproducible (kappa = .29), and the reproducibility of the test for external shoulder rotation was fair (kappa = .49). Pearson correlation coefficients for the test for walking speed and for the chair stand during the first and second measurement were .90 and .82, respectively. The Pearson correlation coefficient of the summary performance score was .71 and kappa was .52. The repro- ducibility of the summary performance score improved when standing balance was not taken into account (r = .73 and kappa = .74). Reproducibility of the summary performance score was not significantly different between the group who was visited twice by the same assistant, and the group who was visited by two different assistants (r = .75 and .67, respectively, p = .32).
The reliability and distribution of the self-reported measure of functional status is shown in Table 3 . No significant differences were observed between measurement one and two. Kappa of disabilities in BADL was .58. All BADL items had perfect agreement except for the items "use the lavatory" and "wash and bath oneself." The percentage agreement of these items was 99% and 96%, but kappa statistics were only .66 and .58. Kappa of disabilities in mobility was .63. The kappas of the individual mobility items ranged between .56 and .74. Kappa of disabilities in IADL was .59, and kappas of the individual IADL items ranged from .57 to .69. The hierarchic ADL scale had fair to good reproducibility (kappa .63). The correlation between number of self-reported disabilities during the first and second measurement was .87.
Performance on the EPESE test was significantly related to age (Spearman's r = .25 and .29 for the first and second measurement, respectively), and to cognitive functioning (only during the second measurement: r = -.09 (n.s.) and r = .23, respectively). However, the test-retest reliability of summary performance did not depend on age (p = .59), nor on cognitive functioning (p = .52). Self-reported functional status was neither associated with age nor with cognitive functioning, but the reproducibility was lower for the oldest men than for the youngest (p = .006), and for the cognitively impaired compared to the not cognitively impaired (p = .001). In Table 4 , reproducibility of the summary performance score and the hierarchic ADL scale stratified by age group and cognitive function are presented. Both measures of functional status -self-reported disabilities and performance tests -were moderately to highly reproducible in this population of elderly men, with kappas and Pearson correlation coefficients ranging from .49 to .90. Only the reproducibility of the tests for standing balance was poor (kappa = .29). Reproducibility is a measure of the potential of the instrument to yield the same result for a single respondent on two separate assessments, which are usually closely spaced so that any variation is due to the reliability of the instrument rather than to changes in the respondent's status (8) . The interval should also be long enough to exclude recollection effects. The time interval chosen in this study was 2 weeks, and recollection effects might still play a role. Performance during the second measurement was higher than during the first measurement, possibly due to a recollection or learning effect. In this very old population, however, 2 weeks might also be already long enough for genuine changes in functional status. During the second survey, respondents were asked if their ability to do the tests had changed since the first survey. Exclusion of the respondents who indicated that their functioning had changed (n = 10) did indeed increase the test-retest reliability, mainly of the self-reported disabilities (kappa of hierarchic ADL scale increased from .63 to .69, kappa statistics of BADL, mobility, and IADL increased with similar amounts). Reproducibility of the performance tests increased also, but less.
Reproducibility of the self-reported disabilities might be biased because the manner of administering the questionnaire the second time was different from the first time. In the first measurement, the ADL questionnaire was embedded in a large questionnaire, which the participants filled out at home, with or without the help of a relative or acquaintance. The second time, they were asked to fill out the questionnaire by themselves, while the research assistant waited. Such varying conditions are known to affect the results (25) . Because the questionnaire might be filled out differently the second time, test-retest reliability of the self-reported functional status might be underestimated.
Test-retest reliability of performance-based functional status was not better than the test-retest reliability of self-reported functional status. The reproducibility of the test for standing balance was poor. Although performance tests are more objective, they do not seem more reproducible in this population of elderly men. Variations in performance-based functional status might be due to a "real" variation in performance. People differ in physical condition from day to, day. Variation in self-reported functional status is not due to these day-to-day variations, because people report their normal functioning over a certain period of time. Variations in the self-reported disabilities are probably due to contextual aspects. For example, certain activities might not be performed by the men in our study population (e.g., preparing meals or using stairs when one lives in a house without stairs). Some men might not know whether they are able to do these activities. In our study, both measures of functional status were equally reproducible, indicating that both biases are in the same order of magnitude. Only in very old or cognitively impaired men, the bias in self-reported measures might be larger. These results, however, can not be generalized to women.
Only a few studies collected data on test-retest reliability of functional status measures. It is difficult to compare the results of these studies, because different instruments are tested, the study populations and settings vary considerably, and the time between the two measures varies from a couple of hours to months. In a study on the development of a physical performance measure, described by Winograd and colleagues (9) , test-retest kappa statistics of .99 were observed, which are very high. A possible explanation is the hospital setting, and the fact that the time between the two measures was only 48 hours. In a study by Seeman et al. (26) , where the performance tests resembled the tests in our study, the observed 2-week test-retest reliability also resembled our results. They found a test-retest correlation of the test for walking speed of .80 and for the chair stands .73. In their study, more persons scored low on the test for standing balance compared to our study, and probably because of this larger variation the reproducibility of the standing balance was higher than in our study (correlation coefficient between number of seconds the balance was held during first and second measurement was .61). Testretest reliability of a self-reported measure of functional status is reported in a study by Sale"n (27), who observed a 1-day test-retest reliability of .95 and a 3-day test-retest reliability of .92 (intraclass correlation coefficients). This is slightly higher than the .85 we observed, but the interval between the two measures in our study was longer. Myers compared 2-week test-retest reliability of a self-reported and performance-based measure of functional status in 29 older adults (10) . She also found no systematic differences in reproducibility between the two kinds of measurements.
The tests were administered by two research assistants, who were randomly assigned to the subjects. If we estimate the interrater reliability as the test-retest reliability of the group who was visited by two different interviewers, in which case both interviewers rated the same individual, we found this to be comparable to the overall test-retest reliability (summary performance score: r = .67 versus .71). The two interviewers did not score the tests differently (paired analyses), nor was the reproducibility different between the interviewers (r = .74 and .71, p = .91).
For test-retest reliability of the continuous variables, we calculated Pearson correlation coefficients. Systematic dif-ferences between the two measures might be missed. However, we also calculated the intraclass correlation coefficients, which are corrected for systematic variance, but the difference with Pearson correlation coefficients was .01 at the maximum.
For ordinal variables, we calculated kappa statistics. Kappa adjusts for expected agreement, but is affected by the prevalence. In reliability studies, no gold standard is available, so no "correct" value for true prevalence exists. The only available data are the observed marginal total values, which become the substitutes for the prevalence. When the marginal totals are imbalanced, low kappa values are obtained while the percentage of agreement is high, as shown by Feinstein and Cicchetti (24) . In our study, with low prevalence rates of disability, this phenomenon is important. A possible solution, given by Cicchetti and FeinStein (28) , is to report positive and negative agreement. For example, the percentage agreement in disabilities in BADL is 96%, the agreement of negative values (no disabilities) is 98%, but the agreement of positive values is only 60%, which is the reason for the lower kappa (.58). Kappa will have the same size as percentage agreement, only if the marginal totals are balanced or when the positive and negative agreements are balanced. Because of the low prevalence of disabilities in BADL in our study, the reproducibility of absence of disabilities is higher than the reproducibility of presence of disabilities. This is to a lesser extent observed for disabilities in mobility.
In our population of elderly men, the test-retest reliability of performance tests and self-reported disabilities is moderate to good. In contrast to previous suggestions, we did not find performance tests to be more reproducible than self-reported measures. Only in very old or cognitively impaired persons, self-reported functional status was less reproducible than in younger or unimpaired persons.
